SPECIAL ISSUE 


VIBRATIONS AT SURFACES 1990 


Proceedings of the Sixth International Conference on 
Vibrations at Surfaces, 
Shelter Island, NY, U.S.A., 
September 10-14, 1990 


Edited by 


Y.T. Chabel 
AT&T Bell Laboratories, Murray Hill, NJ 07974, U.S.A. 


F.M. Hoffmann 


Exxon Research and Engineering, Corporate Research Laboratories, 
Annandale, NJ 08801, U.S.A. 


G.P. Williams 


National Synchrotron Light Source, Brookhaven National Laboratory, Upton, 
NY 11973, U.S.A. 


SECTION 1 DYNAMICS 


Dynamics at Surfaces 


Vibrational Energy Transfer to Metal Surfaces Probed by Sum Generation: 
CO/Cu(100) and CH,S/Ag(111) 
A.L. Harris, N.J. Levinos, L. Rothberg, L.H. Dubois, L. Dahr, 


Picosecond IR Studies of the Vibrational Dynamics of CO/Pt(111) 
J.D. Beckerle, M.P. Casassa, E.J. Heilweil, R.R. Cavanagh and 


Lifetime of an Adsorbate-Substrate Vibration Measured by Sum Frequency Generation: 
H on Si(111) 
P. Guyot-Sionnest, P. Dumas and Y.J. Chabal ..................20004.- 


Vibrational Relaxation of Molecules on Alkali Halide Surfaces 


The Metal-Molecule Stretch Vibrational Mode Studied by Infrared Spectroscopy: 
CO on Pt(111) 


Vibrational Dynamics at Surfaces 


Lineshape of the Si-H Stretching Vibration for the Ideally H-terminated Si(111)1 x1 


Adsorbate-Substrate Resonant Interactions Observed for CO on Cu(100) and (111) 
in the Far-IR Using Synchrotron Radiation 


C.J. Hirschmugl, G.P. Williams, F.M. Hoffmann and Y.J. Chabal .......... 


Vibrations and Sticking 


Initial Sticking Coefficient of O, on Ag(001) 
M. Rocca, P. Traversaro and U. Valbusa 


Vibrational Activation in Recombinative Hydrogen Desorption from Pd(100) 


Vibrational Excitation of Diatomic Molecules Interacting with Metal Surfaces: 
Heating vs. Cooling 


Vil 


|| 

5 
17 
27 
65 
109 
153 


viii 


Non-Adiabatic Effects on Effects on Electronic Damping of Adsorbate Vibrations on 
Metal Surfaces 


Resonant Photodesorption of CH,OH from Cu(110) Using an IR Beam Generated by 
an Optical Parametric Oscillator 
A. Peremans, M. Bucchia, J. Darville and J.-M. Gilles ................. 


Laser-Induced Desorption of NO from Si(111): Effects of Coverage on NO 
Vibrational Populations 
L.J. Richter, §.A. Buntin, D.S. King and R.R. Cavanagh ................ 


Numerical Investigations of Photodesorption of Molecules by Laser-Molecular 
Vibrational Coupling 


Resonant Tunneling with Electron-Phonon Interactions: An Exactly Solvable Model 
Applied to Desorption 


Non-Dissociative Laser Induced Desorption of Molecules from Dielectric Surfaces 


S.J. Clemett, A.W. Parker, K.v. Puttkamer, A. Takami and C.J.S.M. Simpson . . 


SECTION 2 PHONONS 


Vibrations beyond the I Point: An Introduction to Surface Phonons 


First Principles Surface Phonon Calculations 


The Surface Phonons of Cu(111) 


Vibrational Excitations and Adatom Diffusion near the Reconstruction Transition of 
W(100) 
T. Ala-Nissila, W.K. Ham and S.C. Ying 


Molecular Dynamics Study of the Surface Vibration of the Reconstructed Au(111) 
Surface 


Vibrational Spectroscopy of Rare Gas Adlayers 
P. Zeppenfeld, U. Becher, K. Kern and G. Comsa .................... 


The Effect of Mass Defect on Surface Phonons: A Comparative Study of Arsenic- 
and Hydrogen-Terminated Si(111)(1 x 1) Surfaces 


211 


| 

163 
173 
181 
191 
201 
245 
255 
281 


Inelastic Helium Scattering Measurements of Surface Phonons in Hydrogen-Terminated 
Si(111)(1 x 1) 
R.B. Doak, Y.J. Chabal, G.S. Higashi and P. Dumas .................. 


Surface Vibrations and Reconstruction: Are Phonon Anomalies Responsible for the 
(001)-Surface Instabilities of Some BCC Metals 


Surface Phonons of Stepped Surfaces 


Phonon Spectrum of p(3 x 1)O-Ag(110) Surface along < 110 > 


Observations of Surface and Projected Bulk Phonons in Epitaxial Overlayers: 
The Cu(100) and Cu(100)/Co System 


Structure and Dynamics of Cu,Au(001) Studied by Elastic and Inelastic Helium Atom 
Scattering 
B. Gans, S.K. King, P.A. Knipp, D.D. Koleske and S§.J. Sibener ........... 


Surface Lattice Dynamics of the RbI (001) Crystal Surface via Inelastic He Atom 
Scattering 


S.A. Safron, W.P. Brug, G.G. Bishop, J. Duan, G. Chern and J.G. Skofronick . . 


Dynamics of the Clean and Hydrogen Covered Pd(111) Surface 
C-H. Hsu, M. El-Batanouny and K.M. Martini..................2005. 


Temperature Dependence of Phonons on Stepped Surfaces Studied with Molecular 
Dynamics 


Inelastic Electron Scattering Study of Ni(111) Surface Phonons 
W. Menezes, P. Knipp, G. Tisdale and S.J. Sibemer ................... 


Surface Phonon Dispersion of Alloy Surfaces | 


Surface Phonons of Ag(110): The Importance of Odd-Symmetry Modes in Seeking 
Accurate Interaction Models 
J.E. Yater, A.D. Kulkarni, F.W. de Wette and J.L. Erskine .............. 


A Surface Stress Induced (1 x 1) - (5 x1) Reconstruction of an Ir(100) Surface 
J.G. Chen, S. Lehwald, G. Kisters, E. Preuss and H. Ibach............... 


Vibrational Properties of Thin Film Al,O, on Ru(001): Experimental and Theoretical 
Analysis 


ix 


343 


291 
299 
325 
333 
363 
395 
415 


x 


Amplitude Weighted Density of Bulk and Surface Vibrations: Ultrafine Nickel 


Particles 
E. Preuss, M. Wuttig, E. Sheka, I. Natkaniec and P. Nechitaylov ........... 425 
SECTION 3 NEW DEVELOPMENTS 


Vibrations at Surfaces: New Developments and Directions 


Surface Electromagnetic Waves Applications for Infrared Spectroscopic Investigations 

of Very Thin Films on Solids 


Low Energy Nonlinear Surface Effects and Hole Burning in IR Absorption Spectra 
of Natural Alumina Films 
P.A. Shafranovsky, L. A. Kuzik and G.N. Zhizhin ..................0.4. 457 


CO on Pt(335) and Pt(111): Vibrational Stark Effect and Electron Energy Loss 
Investigation 
J-S. Luo, R.G. Tobin, D.K. Lambert, F.T. Wagner and T.E. Moylan ........ 469 


Ru,(CO),. and Mo(CO), Adsorbed on Ru(001) and Au/Ru: An Infrared Reflection- 
Absorption Study 


IR-RA and SEW Spectrokinetic Study of Surface Stages of Heterogeneous Catalytic 
Reactions: Oxygen, Water and Methane Interaction with the Surface of Al,O,, 
BaO, CaO Thin Films 
E.I. Firsov, M.Yu Sinev and P.A. Shafranovsky 489 


Kinetics of Hydrogen Chemisorption on Epitaxial Ferromagnetic Layers of fcc Cobalt 
and Copper(001) 


Surface Photochemistry: Evidence for Hot Electron Induced Dissociation in a Strongly 
Bound System 


Transient Negative Ions in the Spectroscopy and Dynamics of Molecules on Surfaces: 
Orientational Effects 


HREELS Investigation of Physisorbed Molecules on Single-Crystalline Surfaces 
through Dipole and Resonant Electron-Scattering Mechanism 


Surface Anharmonicity: Temperature Dependence of Phonon Energies on Cu(110) 


Kinetic and Thermodynamic Measurements of a Two-Dimensional Gas-Liquid Phase 
Transition: CH, on Ag(110) 


Fluorescence Spectra of Organic Adsorbates on Silica at Selective Excitation and 
Their Phototransformation 


Time-Resolved Surface Kinetics by IR Diode Laser Reflection-Absorption Spectroscopy 


Singular Scattering at a Surface 


Vibrational Excitation in UV-Photoemission of Adsorbates 


Vibrational Motion and Geometrical Structure in Adsorbed CO Studied by Core Level 
Photoelectron Spectroscopy 
H. Antonsson, A. Nilsson and N. Martensson ..............20200000s 


SECTION 4 CHEMISORPTION AND REACTIONS 


Chemisorption and Catalysis - a Foreword 


The Adsorbate-Induced Lifting of the Pt{100} Surface Reconstruction: IRAS 
Investigations 
P. Gardner, R. Martin, M. Tiishaus and A.M. Bradshaw ................ 


CO Induced Reconstruction of Pd{110} Characterised by RAIRS 
R. Raval, S. Haq, G. Blyholder and D.A. King ..............000000858 


Coadsorption of Hydrogen and Carbon Monoxide on Ni(100) and Pd(100) - Hydrogen 
Recombination, Dissolution and Desorption 
C. Nyberg, L. Westerlund, L. Jénsson and S. Andersson ................ 


Vibrational Signatures of the Hydrogen-Water Interactions on Cu(110) at 100K and 300K 


Strong Adsorbate-Adsorbate Interactions in the H,O/Pd(110) System 
R. Brosseau, T.H. Ellis, M. Morin and H. Wang .................004. 


Chemisorption and Thermal Decomposition of Acetic Acid on Pt(111) 


xi 


551 
561 
601 
619 
639 


xii 


Adsorption and Thermal Decomposition of But-1-ene and Isobutene on the Ru(0001) 
Single Crystal Surface, Studied by RAIRS 
M.A. Chesters, A.B. Horn, L.M. Ilharco, I.A. Ransley, B.H. Sakakini 


Adsorption and Thermal Induced Decomposition of Isobutene on Ni (111) 
L. Hammer, B. Détsch, F. Brandenstein, A. Fricke and K. Miller .......... 687 


Chemisorption and Thermal Decomposition of Acetylene and Ethylene on Pd(110): 
HREELS, TDS and LEED Studies 
J. Yoshinobu, T. Sekitani, M. Onchi and M. Nishijima ................. 697 


Determination of Molecular Chemisorption Geometries Using Reflection-Absorption 
Infrared Spectroscopy: Alkyl Halides on Pt(111) 


An Infrared Study of the Adsorption of Borazine, (BHNH),, on the Pt(111) Surface 


The Combined Use of Spectroscopies in the Study of Reaction Intermediates on Surfaces 


The Infrared Spectra of Some Deuterium-Substituted Ethenes Chemisorbed on Pt(111) 
and on a Pt/SiO, Catalyst 
M.A. Chesters, C. de la Cruz, P. Gardner, E.M. McCash, J.D. Prentice 


Correlated Infrared Studies of Platinum Single Crystals and Supported Catalysts 


Time-Resolved EELS Study of Molecular Surface Residence Times: The CO/Cu(111) 
Desorption System 


The Dehydrogenation of Cyclohexane on Pt(100): The Role of Surface Structure in 
Determining the Reaction Pathway 
R. Martin, P. Gardner, M. Tiishaus, C. Bonev, A.M. Bradshaw and 


The Oxidation of CO over Ru(001) at High Pressures: CO Residence Times and 
Reaction Mechanism 


F.M. Hoffmann, M.W. Weisel and C.H.F. Peden..................0-. 779 
Characterization of a CO/H, Reaction Intermediate by FT-IRAS: Potassium Formate on 

Ru(001) 


Infrared Spectroscopic Characterization of the a-Mn,O, Surface by Adsorption of 
Carbon Monoxide 
P.A.J.M. Angevaare, J.R.S. Aarden, J. R. Linn, A.P. Zuur and V. Ponec ..... 795 


Infrared Studies of Ethene Hydrogenation over ZrO, 
J. Kondo, N. Akamatsu, K. Domen and T. Onishi..................... 


Molecular Dynamics Computer Simulation of the Vibrational Spectra of Hydroxyl 
Group on Silica Surface 
K.S. Smirnov, E.P. Smirnov and A.A. Tsyganenko .................... 


FT-IR Transmission and Emission Studies of Adsorbed Molecules in the Low Frequency 
Region 
J. Mink, G. Keresztury, P.L. Goggin, N.I. Agladze and G.N. Zhizhin........ 


Drift Spectroscopic Studies on C-O Bond Activation Reactions of CO, and CO 
Molecules Adsorbed on MgO Supported Rh Clusters 
L. Basini, M. Marchionna and A. Aragno 


Reactivity of Surface Hydroxyl Groups with Metal Complex Compounds 
T. Yamada, Y. Kuroda, A. Fukuoka, M. Ichikawa and K. Tanaka .......... 


Vibrational Spectroscopy of Dispersed Silica: Inelastic Neutron Scattering 
E.F. Sheka, I. Natkaniec, V.D. Khavryutchenko, P.B. Nechitaylov, 
A.Yu. Musychka, V.M. Ogenko, I.V. Markichev, J. Brankowski and 


SECTION 5 RAMAN SPECTROSCOPY 


Raman Spectroscopy of Molecules Absorbed on Surfaces: Progress, Issues 
and Prospects 


Absolute Raman Scattering Cross-Sections of Surface Adsorbed Molecular Layers 


Quantitative Separation of the "Classical" Electromagnetic and the "Chemical" 
Contribution to Surface Enhanced Raman Scattering 


SERS Study of Underpotentially Deposited Bimetal Electrode System 


Temperature-Induced Structural Changes of 1,3-Butadiene and Acrylic Acid on Coldly 
Evaporated Silver Films: Surface-Enhanced Raman Scattering Study 
K. Itoh, M. Yaita, T. Hasegawa, S. Fujii and Y. Misono ................ 


Polyimide Interfaces Studied by Surface Raman Spectroscopy 


xiii 


815 

835 

855 

895 


xiv 


SECTION 6 MATERIALS 


Semiconductors and Insulations: Emerging Substrates for Surface Vibrational 


Spectroscopy 


High Resolution Infrared Spectroscopy of Adsorbates on Ionic Crystal Surfaces 
J. Heidberg, E. Kampshoff, R. Kiihnemuth, O. Schénekas and M. Suhren...... 


Fourier-Transform-Infrared Spectroscopy of Carbon Monoxide Physisorbed on Highly 
Oriented Graphite 
J. Heidberg, M. Warskulat and M. Folman .................-.000005- 


FTIR-Spectroscopy of Water Vapor Adsorbed on NaCl(100) 


Vibrational Spectroscopy and Two-Dimensional Structure of Molecular Layers on 
NaCl(100) 
O. Berg, L. Quattrocci, §.K. Dunn and G.E. Ewing ................... 


Evidence for Hydrogen Bonding in the System HBr/LiF(001) 
P.M. Blass, R.C. Jackson, J.C. Polanyi and H. Weiss .................. 


Infrared Spectroscopy of Submonolayer N, on NaCl Films 


High Resolution Electron Energy Loss Spectroscopic Characterization of Insulators for 
Si Technology 


Infrared Reflection Absorption Spectroscopy Study of the Chemisorption of Small 
Molecules (H,, O, and H,O) on Silicon 
M. McGonigal, V.M. Bermudez and J.E. Butler..................04. 


The Adsorption of Hydrogen, Digermane and Disilane on Ge(111): A Multiple Internal 
Reflection Infrared Spectroscopy Study 


An IRAS/TDS Study of the Adsorption of CH,NH, on Cu(110) 
F. Maseri, A. Peremans, J. Darville and J.M. Gilles .................. 


A Comparative Study of Oxidation of Ti and CoTi by HREELS and XPS 


NO, Dissociation and O Penetration at a GaAs(110) Surface 


FTIR Studies of Water and Ammonia Decomposition on Silicon Surfaces 
A.C. Dillon, P. Gupta, M.B. Robinson, A.S. Bracker and §.M. George ...... 


961 
981 | 
1013 
1033 
1045 


XV 


The Chemical Vapor Deposition of SiO, From TEOS 
J.E. Crowell, L.L. Tedder, H-C. Cho, F.M. Cascarano and M.A. Logan ..... 1097 


Vibrational Structure of Sb/III-V Compound Semiconductor Interfaces 
C. Mariani, G. Annovi, U. del Pennino, M.G. Betti and M. Pedio ......... 1105 


Energy-Dependent Vibrational Spectra of the Si(111)-B Surface 
J.E. Rowe, R.A. Malic, E.E. Chaban, R.L. Headrick and L.C. Feldman ..... 1115 


FTIRAS Study of Vapor Deposited Pyromellitic Dianhydride and Oxydianiline and 
Their Solid-State Reaction to Polyimide on Pt(111) 
C. Hahn, T. Strunskus, D. Frankel and M. Grunze ................... 1123 


The Chemisorption of Polyimide Precursors and Related Molecules on Metal Surfaces 
M.R. Ashton, T.S. Jones, N.V. Richardson, R.G. Mack and W.N. Unertl .... 1133 


Temperature Induced Reconstruction of Model Organic Surfaces 
L.H. Dubois, B.R. Zegarski and R.G. 1143 


Adsorption States and Orientation of n-Alkyl Anhydride Molecules on Oxidized 
Aluminium Surfaces 
K. Berrada, P. Dumas, Y.J. Chabal and P. Dubot .................... 1153 


Probing of Near Surface Semiconductor Layers by Electron Energy Loss Spectroscopy 
T.S. Jones, M.Q. Ding, N.V. Richardson, C.F. McConville and 


Influence of Carrier-Free Surface Layers on Infrared Reflectance Spectra of n-Type 

Metallic Oxides 

P.A. Cox, R.G. Egdell, W.R. Flavell, J.P. Kemp, F.H. Potter and 

SECTION 7 LIQUID/SOLID INTERFACES 


Introduction to the Session on Liquid-Solid Interfaces 


New Developments in Electrochemical Infrared Spectroscopy: Adlayer Structures of 
Carbon Monoxide on Monocrystalline Metal Electrodes 
S.-C. Chang, J.D. Roth, Y. Ho and M.J. Weaver ............00e eee 1185 


An Infrared Study of CO Adsorbed on Pt(100) and Pt(110) Electrodes: Dynamic 
Aspects of CO at Reconstructed Surfaces 
S. Watanabe, Y. Kinomoto, F. Kitamura, M. Takahashi and M. Ito......... 1205 


In-Situ Infrared Study of the Silicon Surface in HF Electrolyte 
A. Venkateswara Rao, F. Ozanam and J.-N. Chazalviel ................ 1215 


xvi 


A General Formalism for the Quantitative Analysis of Electromodulated Infrared 
Vibrational Spectra 


Cross Effect of Electrode Absorption and Electrolyte Absorption in Electrochemically 
Modulated IR Vibrational Spectroscopy 


